Objectives: Pancreas pathology in subacute endosulfan toxicity and the effect of vitamin C in rabbits were studied.
(Pancreas 2010;39: 367Y370) E ndosulfan is a broad-spectrum, nonsystemic organochlorine insecticide of the cyclodiene group. 1 It is widely used in many countries, including Turkey. 2 Endosulfan can cause toxic effects in almost all tissues of both humans and animals, including the pancreas. 2, 3 Vitamin C is a water-soluble antioxidant that is thought to be important in preventing cellular damage from oxidative stress. 4 It can scavenge reactive oxygen radicals, thus preventing tissue damage. 5 Vitamin C supplementation can cause an increase in serum glucose. 6 It can act to overcome oxidative stress by participating in antioxidant systems. Many studies have reported that vitamin C can reduce lipid peroxidation caused by toxic substances. 7 A role for vitamin C in oxidative stress and in the induction of apoptosis and inhibition of cell death has been demonstrated by several studies. 8, 5 Caspases are a family of cysteine proteases that are present in the cytosol as inactive proenzymes. They become activated when apoptosis is initiated and play an essential role in various stages of apoptosis. 9 The pancreas is a relatively more vulnerable organ to the damage induced by organophosphate insecticide exposure. This damage can occur in response to agents such as streptozotocine and allocsan. 10 Although histopathological and electron microscopical findings have reported endosulfan toxicity in rats in a previous study, 3 there is no study about immunohistochemical findings in Langerhans islets and enzyme levels regarding this toxicity. The aim of this study was therefore to investigate the lesions of subacute endosulfan toxicity in the rabbit pancreas. In addition, because ascorbic acid is potentially capable of limiting pancreatic damage in pancreatitis, 11 we also aimed to evaluate the effect of vitamin C supplementation on toxicity symptoms by biochemical, pathological, and immunohistochemical methods.
MATERIALS AND METHODS
The experiment was approved by the institutional animal use and care committee of Akdeniz University and was performed in accordance with the National Institutes of Health Guidelines for the Care and Handling of Animals.
Animals
Male New Zealand white rabbits, 6 to 8 months old, were used for this study. Rabbits were fed on standard rabbit chow and tap water ad libitum and housed in cages in controlled temperature (22-C) and 12-hour light/dark cycles throughout the study. The physical condition of each rabbit was assessed daily for any obvious toxicity symptoms.
Experimental Design
Twenty-four rabbits were randomly allocated to 4 groups of 6 animals. Group 1 (END) were exposed to sublethal concentrations of endosulfan (1 mg/kg of body weight [BW] per day) in corn oil for 6 weeks. Group 2 (END+C) received endosulfan (1 mg/kg of BW per day) and vitamin C (ascorbic acid, 20 mg/kg of BW every other day) during this period. Group 3 (OIL+C) received oral corn oil daily and vitamin C (ascorbic acid, 20 mg/kg BW) every other day for 6 weeks. Group 4 (OIL) was the control group and received corn oil only during the experiment. All treatments were administered by oral gavage.
Histopathological Evaluation
Rabbits were killed at 1 week after the last treatment. Before euthanasia, intracardiac blood samples were taken, and then necropsy was performed in all the animals. The samples of pancreas were fixed in 10% buffered formalin, routinely processed, paraffin embedded, and then stained with hematoxylin and eosin to be interpreted by light microscopy. Histopathological changes were graded in a blinded manner. Scores were made according to the numbers of the degenerative cells.
Immunohistochemical Evaluation
Pancreas samples were immunostained with insulin antiserum (insulin mouse monoclonal antibody, NCL-INSULIN, 1/100 dilution; Novocastra, New Castle, United Kingdom), proinsulin antiserum (proinsulin mouse monoclonal antibody, NCL-PROIN-1G4, 1/200 dilution; Novocastra), glucagon antiserum (glucagon rabbit polyclonal antibody, NCLGLUCp, 1/25 dilution; Novocastra), and amylin peptide antiserum (amylin peptide mouse monoclonal antibody, NCL-AMYLIN, 1/100 dilution; Novocastra). Tissue sections were also stained immunohistochemically to demonstrate the caspase 3 reaction (caspase 3 [CPP32] Ab-4, 1/100 dilution; Neomarker, Fremont, Calif ) using a routine streptoavidinYbiotin peroxidase technique. The sections were incubated with the primary antibodies for a period of 60 minutes, and immunohistochemistry was carried out using a biotinylated secondary antibody and a streptavidinalkaline phosphatase conjugate. The antigens were visualized using diaminobenzidine as the chromogen. To evaluate the percentage of immunopositive cells, 10 different Lagerhans islets were examined in each rabbit pancreas under the Â40 objective of a Nikon E-600 trinocular microscope coupled to a UIII microphotography apparatus (Nikon, Tokyo, Japan).
Amylase, Lipase, and Glucose Analysis
Blood samples were immediately centrifuged at 3000g for 10 minutes at room temperature, and the serum samples were assayed on the same day for amylase, lipase, and glucose levels. These were measured using a commercial kit supplied by IDEXX VetTest (Maine).
Statistical Analysis
In the statistical evaluations, 1-way analysis of variance test was used to observe any differences between groups relating to blood glucose, amylase, and lipase values. In the determination of different groups, the Duncan multiple comparison method was used. Calculations were made using the SPSS 10.0 program pack (SPSS, Chicago, Ill). P G 0.05 was accepted as statistically significant.
RESULTS
No rabbits showed any symptoms related to hyperglycemia. The serum amylase levels were normal in all the groups, whereas the lipase levels were very high. Increased glucose levels were observed in the END and the OIL+C groups, and these levels The differences between the mean values are statistically significant (P G 0.05) in the groups carrying different symbols in the same column and not statistically significant (P 9 0.05) in the groups carrying the same symbols. were higher in the END group than in the OIL+C group. The serum glucose levels were reduced and returned to normal values in the END+C group. Results of the statistical analyses are shown in Table 1 .
The histopathological examination of the pancreases indicated that single-cell necrosis and degenerative changes had occurred in the pancreatic cells, especially in the beta cells in rabbits from the END group. The pancreases in the END+C group rabbits were relatively normal in appearance. Based on these findings, vitamin C supplementation appeared to have had a beneficial effect on the beta cells.
Insulin, proinsulin, glucagon, amylin, and caspase 3 activities were detected by immunohistochemical methods. Immunohistochemistry of the pancreatic tissues of the END group revealed a marked reduction in concentration and distribution of insulin, proinsulin, and amylin. The numbers of cells in the END group were far fewer than in the other groups. In all the rabbits, the proinsulin and insulin immunoreactive cells were located centrally in the islet of the Langerhans, whereas the glucagon immunoreactive cells were located in the periphery of the islets. Immunohistochemical examination of the pancreases of the END group revealed a marked decrease in proinsulin-, insulin-, and amylin-secreting cells; a slight decrease in glucagon-secreting cells; and a marked increase in cells expressing caspase 3 in the Langerhans islets. The numbers of proinsulin and insulin immunoreactive cells were markedly reduced in the END group (Figs. 1AYC) , but in most islets, insulin immunoreactive cells were almost completely absent in the END+C group. The numbers of glucagon immunoreactive cells were also decreased in the END+C group in comparison with the other groups, although the glucagon-secreting cells were only slightly affected compared with the insulin-secreting cells. Amylin immunoreactive cells were located both in the periphery and centrally in the Langerhans islets. Marked decreases were observed in the number of amylin-immunopositive cells in the END group compared with the other groups. There was a strong correlation between the plasma glucose levels and the reduction in insulin expression. Increased caspase 3 expression was observed in the END group. The numbers of caspase 3Yexpressing cells were reduced in the END+C group compared with those in the END group (Figs. 1DYF ). There were no pathological changes in the exocrine cells.
An ameliorative effect of vitamin C was observed in the pancreases of the END+C group in the numbers of insulin-, proinsulin-, amylin-, and glucacon-secreting cells and in the caspase 3 expression of Langerhans islet cells, as determined by immunohistochemical methods.
DISCUSSION
Elevated plasma vitamin C concentrations may alter glucose transport into cells and insulin release from pancreatic beta cells. 12 The possible cause of the elevated glucose level in the OIL+C group may be attributed to an alteration in glucose transport. However, the higher level of glucose in the END group seemed to be related to a toxic effect of endosulfan on the pancreatic cells. A marked decrease in insulin-secreting cells and a higher serum glucose level were seen in the END group in this study. These results may possibly reflect an effect of subacute endosulfan toxicity that is triggering diabetes mellitus. The normal values in the END+C group suggest that vitamin C may protect against impairments in glucose regulation induced by endosulfan.
There is clear evidence that the secretion of lipolytic enzymes is positively correlated with the amount of fat consumed by animals. 13, 14 In this study, glucose, amylase, and lipase enzyme activities were measured. Because of the oil given to all groups as a vehicle, there were marked increases in lipase levels in all groups. The highest lipase level was in the OIL+C group. Although vitamin C increased the lipase levels in the OIL+C, it caused a decrease in the END+C group. There was a statistically significant difference in serum glucose level between the groups (P G 0.05), but differences in amylase and lipase activities were not statistically meaningful (P 9 0.05).
Endosulfan is toxic to the pancreas, causing degranulation of the beta cells of the islets of Langerhans. The resulting effects of this disruption of pancreatic cell structure on blood glucose levels are complex. The toxicity of endosulfan to the Langerhans islet, which produces the insulin necessary to reduce blood sugar levels, in effect serves to raise blood sugar levels.
3 Similar findings were observed in the present study because endosulfan caused degeneration and single-cell necroses in Langerhans islets and caused increase blood glucose levels in the rabbits. The histologic examination results and the immunohistochemistry demonstrated that most of the islets were affected and showed notable changes in cell structure. In the END group, severe histopathological changes in the pancreas tissues were observed. The pancreatic cells showed swelling and necrosis in this group. All of these vital intracellular structures were affected, which in turn inhibited the synthesis and secretion of insulin, proinsulin, and amylin.
Immunohistochemical findings on pancreatic islets showed an increased staining intensity for insulin, proinsulin, and amylin when vitamin C was supplemented. Even glucagon immunostaining was more pronounced in the END+C group than in the END group. Pancreatic endocrine cells diffusely expressed caspase 3 in the END group, whereas a marked decrease was seen in the caspase 3 activity in the END+C group.
This study showed that endosulfan can cause degeneration and cell necrosis in the rabbit pancreas. These degenerative changes also materialized as decreased cell numbers or reduced intensity of immunoreactions in the Langerhans islet cells to the normal pancreatic hormones. In addition, increased caspase 3 activity was observed, indicating apoptosis. At the same time, this study indicated that endosulfan may possibly be the cause of type 1 diabetes mellitus in exposed rabbits. The exocrine cells of the pancreas were found to be more resistant to endosulfan than were the endocrine cells. Although severe toxic effects were observed in response to endosulfan exposure, vitamin C seemed to have an ameliorating effect against this toxicity.
